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ABSTRACT 


Results  are  given  of  pres sure- time  measurements  measured  by  two 
gages  at  each  of  eight  stations  from  surface  ground  zero  to  6000  feet 
on  the  Cabriolet  event.  The  largest  overpressures  resulted  from  the 
air-transmitted  ground-shock-induced  pulse  and  were  comparable  to  those 
measured  on  the  Danny  Boy  and  Sulky  events.  There  is  evidence  that  for 
underground  explosions  as  for  aboveground  explosions  the  air  blast  from 
a  1-kiloton  nuclear  explosion  is  comparable  to  that  from  1/2  kiloton  of 
TNT.  The  weak  pulse  from  venting  gas  was  also  comparable  to  those  from 
Danny  Boy  and  Sulky  and  all  were  well  below  those  from  comparable  TNT 
explosions.  Comparisons  between  airblast  from  Cabriolet  and  that  from 
Palanquin  in  the  same  medium  are  made. 
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FOREWORD 


"This  document  is  the  author's  report  to  the  Technical  Director 
of  Project  Cabriolet.  The  findings  and  conclusions  contained  herein 
are  those  of  the  author  and  are  not  necessarily  those  of  the  Atomic 
Energy  Commission.  Accordingly,  references  to  this  material  must  cite 
the  author . " 
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CLOSE-IN  AIR  BLAST 
FROM  THE  CABRIOLET  EVENT 


CHAPTER  1  -  INTRODUCTION 


1.1  Description  of  the  Cabriolet  Event 

Project  Cabriolet  was  a  nuclear  experiment  in  hard,  dry  rhyolite 
rock  executed  as  a  part  of  the  Plowshare  Program  for  development  of 
nuclear  excavation.  Cabriolet  was  detonated  on  January  26,  1968,  at 
approximately  0800:00.105  (PST),  1600:00.105  (GMT),  in  Area  20,  Nevada 
Test  Site  (NTS).  The  resultant  yield  was  2.3  ±  0.5  kilotons.  The  em¬ 
placement  hole  was  U201  at  geodetic  coordinates: 

Longitude:  W  116“  30'  52.0082" 

Latitude:  N  37“  16'  51.0715" 


Surface  ground  zero  (GZ)  was  6197  feet  MSL;  emplacement  depth  (to  the 
working  point)  was  170.75  feet.  The  resultant  crater  was  characterized 
by  the  following  dimensions  and  volumes: 


1.  Radius  of  apparent  crater  (Rg^) 

2.  Maximum  depth  of  apparent 

crater  (D^) 

3 .  Average  apparent  crater  lip 

crest  height  (H^l) 

4.  Radius  of  apparent  lip 

crest  (Ral) 

5.  Radius  of  outer  boundary  of 

continuous  ejecta  (Reb) 

6.  Lip  volume,  apparent 

7.  Crater  volume,  apparent  (Vg^) 


54.68 

meters 

179.4 

ft 

35.48 

meters 

116.4 

ft 

9,69 

meters 

31.8 

ft 

65.14 

meters 

213.7 

ft 

201 

meters 

660 

ft 

184,900  cubic  meters 
241,887  cubic  yards 

137,600  cubic  meters 
180,025  cubic  yards 


1. 2  Objectives 


The  objectives  of  the  close-in  air  blast  experiment  were: 

a.  To  measure  close-in  air  blast  as  a  function  of  distance 
from  a  nuclear  explosion  in  hard  rock,  the  measurements 
of  which  could  be  compared  with  those  from  the  Palanquin 
event , 

b.  To  compare  these  measurements  with  results  from  earlier 
HE  and  NE  detonations  in  hard  rock  and  other  media,  and 
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c.  To  establish  blast  suppression  as  a  function  of  charge 
burial  as  one  constituent  of  a  model  for  predicting 
blast  from  large-yield  nuclear  explosions. 


1.3  Background 

Close-in  air  blast  from  single  TNT  shots  in  hard  rock  (Project 
Buckboard^)  showed  little  difference  from  that  of  single  TNT  shots  in 
alluvial  soil  (Project  Stagecoach^  and  Project  Scooter 3).  Both  exhib¬ 
ited  two  waves  propagated  at  sonic  velocity  in  air,  one  due  to  the 
piston  action  of  the  ground  shock  at  the  epicenter  followed  by  a  second 
larger  pulse  due  to  venting  gases.  Project  Danny  Boy ^ 5 5^  the  first 
nuclear  cratering  experiment  in  hard  rock  (0.43  kiloton  at  115  feet), 
gave  signals  in  which,  by  contrast,  the  initial  wave  was  the  larger. 
Lack  of  an  accurate  time  base  on  the  records  prevented  positive  iden¬ 
tification  of  larger  constituents  of  the  wave.  Projects  Dugout®  (a 
row  of  five  20-ton  nitromethane  charges  buried  59  feet  and  spaced 
45  feet  apart),  Sulky (a  single  0 .085-kiloton  nuclear  charge  at  90 
feet),  and  Palanquin®  (a  single  4,3-kiloton  nuclear  charge  at  280  feet), 
records  were  accurately  timed  and  provided  the  opportunity  for  positive 
identification  of  four  constituents  of  the  blast  wave,  which  were  as 
follows : 

a.  A  ground-transmitted,  ground-shock-induced  pulse,  which 
is  maximum  at  the  epicenter,  propagated  radially  from 
the  explosion  at  sonic  velocity  in  rock.  Because  the 
ground  shock  attenuates  rapidly  with  distance,  so  also 
does  the  air  blast  it  generates.  The  attenuation  rate 
of  the  induced  air  pulse  is  further  increased  because 
only  the  vertical  component  of  ground  motion  will  gener¬ 
ate  air  blast,  and  that  component  decreases  rapidly  with 
decreases  in  the  ratio  of  burial  depth  to  distance. 

The  direct  ground-shock-induced  pulse  was  not  positively 
identified  from  arrival  times  on  either  the  Dugout  or 
Sulky  shots  because  of  the  great  spacing  between  the 
epicenter  and  the  closest  gage.  However,  it  may  have 
been  indicated  by  a  larger-than-expected  peak  overpressure 
at  the  closest  gage  station  on  each  event.  The  pulse  was 
recognized  at  the  ground  zero  station  on  the  Palanquin 
event . 

b.  A  Rayleigh-wave-induced  pulse  was  observed  from  the 
closest  to  the  most  distant  stations  on  the  Dugout, 

Sulky,  and  Palanquin  events.  This  pulse  propagated  in 
basalt  at  about  4500  ft/sec--slower  than  the  shock  veloc¬ 
ity  in  rock  but  faster  than  that  in  the  air.  On  the 
Palanquin  event,  the  velocity  in  rhyolite  was  about 

4900  ft/sec . 

c.  The  air-transmitted,  ground-shock-induced  pulse  is,  at 
the  epicenter,  the  same  as  the  ground-transmitted,  ground- 
shock-induced  pulse.  From  the  epicenter,  however,  it 
propagates  outward  at  shock  velocity  in  air  rather  than 

at  the  velocity  through  the  ground.  For  Projects 
Palanquin,  Sulky,  and  Dugout,  it  was  the  dominant  wave, 
and  it  is  presumed  to  have  been  the  dominant  pulse  for 
Danny  Boy. 
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d.  The  final  pulse  is  that  due  to  venting  gases.  On 
Palanquin,  Sulky,  and  Dugout,  the  arrival  coincided 
with  the  negative  phase  following  the  preceding  Sir- 
transmitted,  ground-shock-induced  pulse.  A  double 
pulse  was  observed  on  the  Palanquin  event.  Because 
of  this  and  the  small  amount  of  gas  created  by  the 
nuclear  explosion,  the  peak  overpressures  from  the 
Sulky  gas  venting  pulse  did  not  rise  above  ambient 
pressure. 

In  addition  to  the  principal  objectives.  Cabriolet,  like  Palan¬ 
quin,  was  designed  to  shed  light  on  air  blast  at  the  epicenter  and  in 
the  region  between  the  epicenter  and  the  closest  previous  measurement, 
especially  to  identify  both  the  ground- transmitted,  ground-shock- 
induced  pulse  and  the  development  of  the  Rayleigh-wave-induced-pulse. 

In  the  formation  of  the  crater  from  the  280-foot  deep  Palanquin 
shot  erosion  from  venting  gases s  appears  to  have  played  a  larger  part 
than  on  previous  cratering  events.  For  this  reason  the  air  blast  from 
venting  gases  of  Palanquin  may  not  be  precisely  comparable  to  that  of 
the  earlier  shots.  Thus,  one  of  the  gains  to  be  made  from  the  Cabriolet 
event  is  an  evaluation  of  the  uniqueness  of  the  air  blast  from  Palanquin. 
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CHAPTER  2  -  PROCEDURE 


2.1  Experiment  Plan 

One  blast  line  was  installed  running  generally  southeast  from 
ground  zero;  eight  stations,  each  containing  two  gages,  were  located 
at  0,  100,  200,  400,  800,  1500,  3000,  and  6000  feet  nominal  distance. 

The  ground  zero  station  consisted  of  two  gages  suspended  at  a  height 
of  3  feet  above  the  concrete  pad  approximately  21  feet  from  surface 
zero.  Because  of  uncertainty  in  the  expected  overpressure,  each  of 
the  two  gages  had  different  set  ranges  (Table  2.1).  Thus,  if  the  over¬ 
pressure  was  higher  than  expected,  the  low  range  gage  would  be  oyer- 
ranged  and  the  higher  range  gage  would  record  satisfactorily.  Similarly, 
if  the  overpressures  were  small,  the  lower  range  gage  would  record  the 
signal  even  if  it  fell  below  the  sensitivity  of  the  higher  range  gage. 


TABLE 


Station 

Location  and  Set 

Location  (from 
Surface  Zero) 

No. 

Feet 

Meters 

1 

21 

6.0 

2 

100 

30.5 

3 

200 

61.0 

4 

400 

122.0 

5 

800 

244.0 

6 

1500 

457.0 

7* 

3000 

914.5 

8 

6000 

1829.0 

2.1 

Ranges  of  Gages 


Expected  Overpr 

essure  (psi) 

High  Range 

Low  Ran Re 

10.0 

3.0 

5.0 

1.0 

2.5 

0.5 

1.0 

0.2 

0.6 

0.12 

0.35 

0.070 

0.15 

0.030 

0.075 

0.015 

^Station  7  was  later  moved  300  feet  further  out 
to  avoid  unfavorable  land  forms. 
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The  "as-built"  locations  of  gage  stations  were: 


Elevation 

(feet) 

Range 

(feet) 

Azimuth 

6197.45 

3.35 

6192.04 

99.74 

S49°49'57"E 

6181.86 

199.78 

S49°56'56"E 

6159.70 

397.32 

S59°4'40"E 

6136.03 

800.80 

S58°54' 28"E 

6094.75 

1446.81 

S57°1'3"E 

6236.47 

3300.03 

S58°59'43"E 

6112.82 

6000.89 

S58°58'10"E 

The  ground  zero  gage  was  suspended  with  the  gage  port  at  36  inches 
above  the  concrete  pad.  Consequently,  it  recorded  only  until  the  pad 
was  driven  into  the  gage.  All  other  gages  were  installed  in  canisters 
in  the  ground  with  the  gage  port  opening  into  the  plane  of  the  ground 
surface.  An  area  with  a  radius  of  about  15  feet  was  cleared  of  brush 
and  boulders  at  each  station. 


2.2  Instrumentation 


Pace  P-7  diaphragm- type  pressure  gages  were  used.  Information 
was  carried  through  Consolidated  System  D  amplifiers  with  an  800-cps 
response  and  recorded  with  an  Ampex  LP-lOO  magnetic  tape  recording  sys¬ 
tem.  There  was  only  one  gage  failure  other  than  those  which  were  antic¬ 
ipated  at  the  ground  zero  stations  when  either  signal  cables  broke  or 
the  suspended  gages  came  in  contact  with  the  rising  ground  surface. 
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CHAPTER  3  "  TEST  RESULTS 


3 , 1  Sunamarv  of  Results 

The  more  sensitive  gage  at  the  200-foot  station  failed.  All 
other  gages  gave  readable  records.  The  measured  overpressures  were 
below  the  low  ranges  listed  in  Table  2.1. 

Table  3.1  summarizes  the  results  of  the  pressure  measurements. 
The  headings  of  columns  are  identified  in  Figure  3.1.  Additional 
identification  is  made  in  Figure  3.2.  as  illustrated  in  Figure  3.2 
includes  all  impulses  from  ta  to 

The  pressure  records  are  reproduced  in  the  Appendix.  The  less 
sensitive  gages  always  display  more  noise  simply  because  the  signal  is 
a  small  part  of  the  total  set  range.  Thus,  when  two  gages  at  the  same 
station  are  not  in  agreement,  credence  should  be  weighted  in  favor  of 
the  more  sensitive  gage. 

Agreement  between  the  two  gages  at  each  station  is  good  in  spite 
of  a  factor  of  5  difference  in  set  ranges. 


3 . 2  Evaluation  of  Records 


Failure  of  the  ground-zero  gage  at  a  relatively  early  time  after 
recording  the  ground-shock-induced  peak  was  expected.  Since  measured 
pressures  did  not  exceed  the  expected  pressures  by  which  the  low  ranges 
were  set,  the  maximum  signal  amplitude  of  the  less  sensitive  gages  was 
less  than  one-fifth  of  the  amplitude  the  less  sensitive  gages  were  set 
to  record.  Thus,  the  signal-to-noise  ratio  is  small  for  records  ob¬ 
tained  on  those  gages.  Consequently,  cross-over  times  cannot  be  ob¬ 
tained  with  the  same  degree  of  precision.  Similarly,  pressure  peaks 
are  generally  exaggerated  by  about  half  the  noise  amplitude.  Impulse, 
of  course,  is  little  affected. 

The  records  from  the  more  sensitive  gage  at  the  400-  and  800-foot 
stations  are  increasingly  noisy  after  2  seconds  and  the  noise  may  be 
due  to  ground  waves  generated  by  impact  of  ejecta  in  the  vicinity  of 
the  gages. 
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CHAPTER  4  -  DISCUSSION  AND  INTERPRETATION 


4 • 1  Introduction 


Following  the  pattern  of  earlier  reports  this  chapter  treats  the 
blast  wave  constituents  in  a  chronological  order. 


4.2  Ground-Transmitted,  Ground-Shock-Induced  Pulse 

Arrival  Times  --  The  ground-transmitted,  ground-shock-induced 
pulse  cannot  be  separately  identified  from  the  air-transmitted,  ground- 
shock-induced  pulse  at  any  of  the  stations.  As  indicated  in  the  de¬ 
scription  of  pulses  in  Section  1.3,  the  two  pulses  are  the  same  at  the 
epicenter.  They  are  distinguishable  primarily  by  their  propagation 
velocities.  The  ground-zero  (GZ)  gage  was  mounted  3  feet  above  and 
3.35  feet  away  from  GZ.  The  signal  arrives  at  32  msec  and  climbs 
gradually  to  a  peak  at  65  msec.  The  rise  is  shown  clearly  in  Figure 
A.l. 


Because  of  transit  time  from  the  concrete  pad  to  the  gage  the 
arrival  at  the  ground  surface  would  be  nearly  3  msec  earlier.  The  slow 
rise  at  the  GZ  station  is  in  contrast  to  the  clean  sharp  breakaway  at 
34  msec  seen  in  the  record  of  Gage  100-1  which  was  flush-mounted  in  the 
ground.  There  is  no  ready  explanation  for  the  slow  rise  at  the  GZ  sta¬ 
tion.  The  arrival  time  is  consistent  with  that  at  the  100-foot  station. 
The  arrival  at  the  GZ  station  indicates  an  average  velocity  in  the 
medium  of  5828  ft/sec,  less  than  the  approximately  7000  ft/sec  average 
velocity  for  the  Palanquin  event.  It  is  also  less  than  the  7220  ft/sec 
(2200  msec)  assumed  for  early  Cabriolet  calculations. 

The  computed  average  velocity  takes  into  account  the  fact  that 
the  epicenter  gage  was  3  feet  above  the  surface.  Using  the  average 
velocity  at  the  GZ  station,  ground  shock  should  arrive  at  the  100-foot 
station  at  34.3  msec,  essentially  the  34  msec  measured  by  Gage  100-1. 

By  the  same  reasoning,  anticipated  arrival  at  Gage  200-2  was  45.1  msec 
but  the  measured  arrival  time  of  45  msec  was  admittedly  not  an  accurate 
arrival  time  because  of  noise  in  the  record  of  this  less  sensitive  gage. 
Calculated  ground  shock  and  measured  arrivals  at  the  400-foot  station 
were  74.6  and  93  to  95  msec,  respectively.  Based  upon  relative  ground 
and  air  shock  velocities  it  is  estimated  that  the  ground-shock-induced 
wave  changed  from  a  ground-transmitted  wave  to  an  air-transmitted  wave 
at  about  375  feet.  Thus,  the  apparent  source  of  the  air-transmitted 
ground-shock  induced  wave  is  375  feet  from  the  epicenter,  i.e.,  the 
piston  had  a  radius  of  375  feet. 

Peak  Overpressures  --  Peak  overpressures  of  this  pulse  will  be 
discussed  with  the  air-transmitted  ground-shock-induced  pulse. 
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4.3  Rayleigh-Wave-Induced  Pulse 


Arrival  Times  --  The  Rayleigh-wave-induced  pulse  is  identified 
at  the  800-foot  station  and  beyond.  It  can  be  identified  within  the 
wave  train  by  assuming  a  velocity  of  about  3,000  to  3,500  ft/sec  or 
about  half  the  sonic  velocity;  thus  it  can  be  separated  from  waves 
arriving  earlier  at  the  two  most  distant  stations  as  shown  in  Table 
4.1. 


TABLE  4.1 

Velocities  Between  Stations 


Distance 

(ft) 


_ First  Wave _ 

Arrival  Average  Velocity 

Times  Between  Stations 

(sec)  (ft/sec') _ 


_ Rayleigh  Wave _ 

Arrival  Average  Velocity 

Times  Between  Stations 

(sec)  _ (ft/sec) _ 


801  0.183 
1447  0.372 
3300  0.746 
6001  1.015 


3418 

4955 

9959 


0.183 

0.372 

0.897 

1.729 


3418 

3530 

3246 


The  first  wave  arriving  at  the  two  most  distant  stations  is 
assumed  to  be  refracted  from  a  compressional  wave  through  a  deeper 
high-velocity  medium  underlying  the  rhyolite. 

The  average  velocity  over  the  entire  range  is  6250  ft/sec-- 
slightly  higher  than  the  sonic  velocity  inferred  from  shock  arrival  at 
the  ground-zero  station.  The  irregularity  in  velocity  may  result  from 
an  arrival  time  derived  from  arrival  of  the  first  observable  wave — 
which  may  be  different  from  the  first  observed  at  a  different  station. 

It  is  in  order  to  point  out  that  evidence  of  the  Rayleigh  wave 
train  can  be  seen  superimposed  on  the  air-transmitted  pulses  at  most 
stations.  One  pronounced  effect  of  this  superposition  is  the  irregu¬ 
larity  it  produces  in  crossover  times  which  are  used  to  define  bound¬ 
aries  between  individual  pulses. 

Peak  Overpressures  --  As  is  apparent  from  the  records  in  the 
Appendix,  the  maximum  amplitude  in  the  Rayleigh  wave  train  is  different 
at  each  station.  Because  the  Rayleigh  wave  has  a  higher  velocity  than 
air  transmitted  waves  the  number  of  cycles  preceding  the  air  transmitted 
wave  increases  as  the  distance  increases.  At  800  feet  there  was  only 
one  wave;  at  1500  feet  there  were  two,  and  the  second  was  the  larger; 
at  3300  feet  there  were  three,  the  second  being  the  larger;  and  at  6000 
feet  there  are  about  seven  waves,  the  sixth  being  the  largest.  At  most 
stations  the  later  portions  of  the  Rayleigh  wave  train  can  be  seen 
superimposed  on  the _ air-transmitted  pulse.  The  values  listed  in  Table 
3.1  are  for  the  maximum  positive  amplitude  in  the  train  regardless  of 
where  it  occurs. 
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4 .4  Air**Transmitted,  Ground~Shock~Induced  Peak  Overpressure 

Arrival  Time  --  The  time  of  peak  overpressure  of  the  air- 
transmitted  ground-shock-induced  pulse  (tp^  of  Table  3.1)  indicates  an 

average  propagation  velocity  between  stations  at  400  feet  and  6000  feet 
of  1065  ft/sec.  The  wind  at  shot  time  over  the  region  where  the  blast 
wave  would  be  affected  by  wind  ranged  from  17  to  34  ft/sec  at  160  de¬ 
grees.  The  blast  line  azimuth  ranged  between  140  and  149  degrees. 

Thus,  wind  could  account  for  an  apparent  sonic  velocity  of  from  1057 
to  1074  ft/sec.  Based  on  ambient  calculations  of  802  mb*  and  1.6  C* 
the  ambient  sonic  velocity  should  have  been  1091  ft/sec. 


Peak  Overpressure  --  Peak  air-transmitted,  ground-shock-induced 
overpressures  are  shown  in  Figure  4.1.  The  gages  from  400  to  6000  feet 
indicate  an  attenuation  rate**  of  R"1.23— dose  to  the  attenuation 
rates  of  IBM-M  extrapolated  to  these  lower  pressures.  None  of  the 
other  peaks  exceeded  the  air-transmitted  ground-shock -induced  peaks. 

Impulse  --  In  determining  impulse  (Ii)  of  air-transmitted  ground- 
shock-induced  pulse  all  portions  of  the  record  from  the  arrival  of  the 
first  signal  to  the  crossover  following  the  pulse  have  been  included 
(Figure  4.2).  This  means  that  for  records  obtained  from  the  distant 
station  where  there  was  a  significant  Rayleigh-wave-induced  pulse,  any 
impulse  attributed  to  that  pulse  was  included.  The  error  introduced 
should  be  small  since  the  negative  and  positive  portions  of  the  Ray¬ 
leigh  train  approximately  cancel  each  other.  The  first  positive  phase 
impulse  attenuates  with  distance  about  as  R**!*!^, 


4.5  First  Negative  Phase 

The  first  negative  phase  which  separates  the  ground-shock-induced 
pulse  from  the  pulse  from  venting  gases  was  too  irregular  for  reason¬ 
able  analysis.  At  each  station  the  values  were  small. 


4.6  Gas  Venting  Pulse 


Arrival  Time  --  Arrival  times  of  the  overpressure  peaks  indicate 
an  average  velocity  of  1068  ft/sec  from  the  200-  to  the  6000-foot  sta¬ 
tion.  This  agrees  quite  well  with  the  average  velocity  of  the  ground- 
shock-induced  peaks.  The  pulse  was  easily  identified  in  contrast  to 
similar  pulses  on  some  of  the  earlier  events.  The  arrival  times  of 
peaks  from  venting  gases  from  all  but  the  three  closest  stations  when 
extrapolated  back  to  GZ  indicate  a  source  (i.e.,  venting)  at  about 
1  second.  Motion  pictures  show  first  venting  at  800  ±  25  msec.  The 
agreement  is  quite  good  since  arrival  of  the  gas  venting  pulse  is  200 
to  400  msec  prior  to  the  arrival  of  peak  values. 


Based  on  values  extrapolated  from  the  Cabriolet  Control  Point 

to  GZ.ii 
** 

Attenuation  rates  in  this  chapter  are  based  on  a  first-order 
least  square  fit  to  measure  values  where  values  from  the  more  sensitive 
gages  have  been  weighted  five  times  those  of  the  less  sensitive  gages 
because  of  the  factor  of  5  difference  in  set  ranges. 
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Peak  Overpressures  --  Peak  pressures  were  low  at  both  the  100- 
and  200-foot  stations  as  evidenced  in  Figure  4.3  and  by  the  records  in 
the  Appendix.  It  is  hypothesized  that  the  low  readings  are  a  result 
of  shielding  provided  by  the  edge  of  the  mound  at  the  time  the  venting 
gases  erupt.  The  peak  overpressure  attenuates  with  distance  at  approxi 
mately  R“l-02  from  400  to  6000  feet. 
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Peak  Overpressure  (psi) 


0.1 


Ground  Distance  (ft) 


Figure  4.3  Gas  venting  peak  (p^) 
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Impulse  --  The  impulse  (Figure  4.4)  also  indicates  possible  dif¬ 
fraction  of  the  blast  wave  over  the  edge  of  the  dome  from  which  the 

gases  vented.  Between  400  and  6000  feet,  the  impulse  attenuated  at 

r-1.07. 


Ground  Distance  (ft) 


Figure  4.4  Gas  venting  impulse  (I2) 


4 . 7  Second  Negative  Phase 

The  second  negative  phase  is  a  good  pulse  to  use  in  evaluating 
the  quality  of  the  instrumentation.  The  pulse  is  a  broad  one  with  few 
high-frequency  components,  and  hence  little  affected  by  acoustic  damp¬ 
ing  should  such  damping  be  inherent  in  the  gage.  Since  the  wave  atten¬ 
uates  at  a  uniform  rate,  the  consistency  of  the  values  obtained  from 
one  station  to  the  next  is  a  very  good  measure  of  the  consistency  of 
calibration  of  the  gages.  Where  an  individual  measurement  deviates 
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Peak  Pressure  (psi) 


4.8  Fourth  Positive  Phase 


This  pulse  was  identified  on  earlier  events  as  a  restoration 
pulse  brought  about  when  the  inrushing  air  of  the  preceding  negative 
pulse  overshoots  and  moves  outward  again  in  its  restoration  to  ambient 
conditions . 

Peak  Overpressure  --  Because  of  failure  of  the  close-in  gages 
from  ground  motion,  no  fourth  positive  phase  is  seen  closer  than  400 
feet.  The  relatively  broad  pulse  attenuates  at  about 

Impulse  --  The  impulse  of  the  fourth  positive  pulse_ shows  remark¬ 
able  uniformity  from  one  station  to  another  considering  differences  in 
recovery  to  ambient  and  differences  in  times  at  which  records  were  ter¬ 
minated  by  debris  destroying  gages  or  cutting  cables  of  the  closer 
gages. 


4.9  Comparison  with  Past  Explosions 

Figures  4.8  and  4.9  compare  the  results  of  Cabriolet  with  com¬ 
parable  measurements  for  other  nuclear  detonations  and  corollary  chem¬ 
ical  explosive  events.  The  comparison  is  made  at  a  scaled  ground  range 
of  5  ft/lb^/^.*  The  peak  ground-shock-induced  overpressures  (Figure 
4.8)  show  that  the  peak  overpressures  in  NTS  alluvium^^-i s  ^re  reason¬ 
ably  uniform  and  in  good  agreement  with  those  for  the  Albuquerque  allu¬ 
vium.  The  peak  overpressures  from  chemical  explosions  in  basalt 
indicate  a  higher  overpressure,  as  would  be  expected  from  the  better 
shock  transmission  in  the  denser  medium.  Ground-shock-induced  peak 
overpressures  from  the  Pre-Schooner  II  event  were  particularly  large 
because  of  an  unusually  sharp  high  spike  on  the  ground-shock-induced 
pulse . 


No  ground-shock-induced  pulses  were  observed  on  Teapot  ESS®°  or 
Sedan. The  ground-shock-induced  pulse  was  the  dominant  pulse  on  the 
two  nuclear  events  in  basalt  and  those  in  rhyolite.  Note  that  the  re¬ 
sults  of  Danny  Boy,®  Sulky, and  Cabriolet  agree  reasonably  well  with 
those  obtained  for  chemical  explosions  in  soil.  The  peak  pressures 
fall  short  of  those  seen  for  chemical  explosions  in  rock. 

For  explosions  in  air,  it  has  been  observed  that  pressure-distance 
relationships  from  nuclear  explosions  can  be  made  to  agree  with  those 
from  chemical  explosions  (TNT)  if  the  nuclear  explosion  is  considered 
to  have  the  blast  equivalent  of  one  million,  rather  than  two  million, 
pounds  of  TNT  per  kiloton.  If  a  similar  argument  is  applied  to  Danny 
Boy,  Sulky,  and  Palanquin,  then  each  shot  would  be  at  a  deeper  scaled 
burial  depth  and  would  more  nearly  agree  with  the  peak  ground-shock- 
induced  overpressure  from  the  chemical  explosions  in  basalt.  This  is 
evidenced  by  the  fact  that  the  open  data  points  in  Figure  4.8  for 
nuclear  shots  in  rock  fall  closer  to  the  HE  basalt  curve  when  scaled 
on  the  basis  of  one  million  pounds  per  kiloton.  Note  that  Cabriolet 


Because  attenuation  rates  vary  slightly  from  shot  to  shot  com¬ 
parisons  at  other  scaled  distances  may  yield  slightly  different 
results. 
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Chemical  Explosives 


/•  Danny  Boy  0.43  kt 

Basalt)® 

|B  Sulky  0.085  kt 

Sulky  0.0475  kt 
4  Palanquin  4.3  kt 
0  Palanquin  2.15  kt 
f  Cabriolet  2.3  kt 
0  Cabriolet  1.15  kt 


Peak  Overpressure  (psi) 


agrees  rather  precisely.  This  is  the  first  time  there  has  been  suffi¬ 
cient  evidence  to  suggest  that  a  blast  equivalence  of  the  type  found 
for  free-air  burst  may  apply  also  for  buried  explosions. 

Note  in  the  figure  that  Palanquin  value  falls  far  belo\^  the  others. 
It  was  on  the  basis  of  a  comparison  such  as  this  that  an  apparent  blast 
yield  for  the  Palanquin  event  was  deduced  from  the  overpressure  measure¬ 
ments. 


The  peak  overpressures  from  venting  gases  tell  an  entirely  dif¬ 
ferent  story  (Figure  4.9).  Here  the  overpressure  peaks  from  chemical 
explosions  in  NTS  alluvium  are  slightly  higher  than  those  from  similar 
explosions  in  basalt.  Results  from  detonations  in  the  Albuquerque  allu¬ 
vium  fall  below  those  in  both  the  other  materials. 

The  nuclear  shots  are  completely  inconsistent.  Two  shots  in  allu¬ 
vium,  Teapot  ESS  and  Sedan,  had  only  a  pulse  from  venting  gases,  each 
with  peaks  considerably  larger  than  any  of  those  expected  from  chemical 
explosions  at  comparable  burial  depths.  Until  a  better  explanation  is 
forthcoming,  this  large  pulse  is  attributed  to  vaporization  of  moisture 
in  the  soil. 

Jangle  U22  gave  results  comparable  with  pressures  from  chemical 
explosions — 'not  surprising  since  the  relatively  shallower  burial  depth 
would  make  medium  effects  less  pronounced. 

The  results  from  nuclear  shots  in  rock,  in  contrast  to  those  from 
shots  in  soil,  show  a  very  weak  pulse  from  venting  gases.  The  Sulky 
event  gave  overpressures  which  were  equal  to  or  less  than  the  ambient 
pressure.  Pressures  from  venting  gases  for  Danny  Boy,  Palanquin,  and 
Cabriolet  appear  to  form  a  consistent  pattern--all  much  lower  than  those 
from  chemical  explosions.  These  lower  pressures  are  attributed  first 
to  the  small  amount  of  gas  produced  because  of  the  lower  moisture  con¬ 
tent  of  the  rock  media,  and  second  to  the  fact  that  in  some  cases  the 
pulse  from  venting  gases  appears  superimposed  on  a  negative  phase 
following  the  ground- shock-induced  pulse,  resulting  in  somewhat  de¬ 
creased  peak  values. 


4.10  Comparison  of  Air  Blast  from  Palanquin  and  Cabriolet 

The  waveforms  of  air  blast  of  Palanquin  and  Cabriolet  are  quite 
different  as  evidenced  by  Figure  4.10  which  reproduces  records  from 
gages  at  nearly  the  same  distance.  The  differences  are  obvious  from 
the  figure  and  point  up  the  variations  which  can  occur  from  relatively 
similar  events.  Table  4.2  compares  the  emplacement  conditions  for  the 
two  shots. 
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TABLE  4.2 


Comparison  of  Cabriolet  and  Palanquin 


Yield 

(kt) 

Burial 

Depth 

(ft) 

Scaled  Burial  Depth 

Scaled 

Distance  to  Gages 

Shot 

ft/lbf/3*  ft /lb 1/3** 

ft/lbl/3* 

ft/ibl/3** 

Cabriolet 

2.3 

170.75 

1.026  1.294 

4.81 

6.06 

Palanquin 

4.3 

280 

1.367  1.721 

3.44 

4.34 

* 

Assuming  1  kilo ton  is  equivalent  to 
of  TNT. 

Assuming  1  kiloton  is  equivalent  to 

two  million 

one  million 

pounds 

pounds 

of  TNT. 


The  medium  was  essentially  the  same  for  both  events.  Venting  of 
Palanquin  was  observed  to  be  atypical®  and  possibly  could  account  for 
the  smaller  amplitude  and  longer  duration  of  the  venting  pulse.  If  the 
mechanism  of  the  restoration  pulse  (p4)  were  better  understood  its 
absence  from  the  Palanquin  waveform  might  also  be  found  to  be  related 
to  the  atypical  venting. 

Even  though  the  venting  was  atypical,  the  ground- shock-induced 
pulses  of  the  two  events  should  be  comparable.  On  the  basis  of  actual 
distance  the  peak  overpressures  from  Palanquin  were  less  than  those 
from  Cabriolet,  as  should  be  expected  in  view  of  the  relatively  deeper 
depth  of  Palanquin. 


4 . 11  Shape  of  the  Front  of  the  Ground-Shock-Induced  Pulse 

In  Section  4.2  it  was  noted  that  at  375  feet  from  ground  zero  the 
ground-shock-induced  pulse  ceased  propagating  as  a  ground-transmitted 
signal  and  began  as  an  air-transmitted  signal.  The  change  occured  at 
75  msec.  The  peak  overpressure  at  the  time  of  the  change  was  about 
0.28  psi  (Figure  4.1).  From  the  information  at  hand  there  is  no  means 
of  estimating  accurately  the  peak  overpressure  51  feet  above  the  ground 
1  surface  or  the  pressure  gradient  from  that  point  along  the  surface  of 

the  pulse  to  the  intersection  with  the  ground  where  the  overpressure  is 
0.28  psi.  (Figure  4.11  illustrates  the  geometry  of  the  ground-shock- 
induced  pulse.) 

At  the  present  time  little  is  known  of  source  strength  and  geom¬ 
etry  of  blast  from  buried  explosions  as  it  propagates  above  the  ground. 
Some  information  can  be  inferred  from  the  data  obtained  on  Cabriolet. 
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375  ft 


CHAPTER  5  -  SUMMARY  AND  CONCLUSIONS 


On  the  Cabriolet  event  overpressure  as  a  function  of  time  was 
successfully  measured  by  15  of  16  gages  installed.  Records  from  14  of 
the  15  gages  were  among  the  best  produced  for  any  nuclear  event  to  date. 
As  expected,  the  ground-zero  gage  was  destroyed  at  an  early  time  by  the 
ground  motion.  Other  close  gages  stopped  recording  at  times  that  in¬ 
creased  as  the  distance  from  ground  zero  increased.  Presumably  these 
gages  or  their  cables  were  destroyed  by  falling  debris  after  most  of 
the  signals  had  been  obtained. 

Based  on  propagation  velocities  of  the  air-transmitted  and  ground- 
transmitted,  ground-shock-induced  pulses,  it  was  deduced  that  the  ground 
transmitted  pulse  became  an  air-transmitted  pulse  at  375  feet  from  the 
epicenter  at  about  75  milliseconds. 

Rayleigh  wave  induced  pulses  were  observable  at  all  stations  be¬ 
yond  400  feet.  The  air-transmitted,  ground-shock-induced  overpressure 
constituted  the  largest  overpressure  produced  by  the  Cabriolet  event. 

The  venting  gas  pulse  was  smaller  than  the  air-transmitted,  ground 
shock-induced  pulse  and  was  especially  small  at  the  100-  and  200-foot 
stations,  presumably  because  of  diffraction  of  the  venting  gas  pulse 
down  from  the  top  surface  of  the  mound  through  which  venting  occurred. 

A  comparison  was  made  of  the  results  of  Cabriolet  air  blast 
measurements  with  available  data  from  other  nuclear  explosions  and  from 
the  more  significant  chemical  explosions.  The  results  of  Cabriolet 
compare  favorably  with  those  of  Danny  Boy  and  Sulky.  The  results  of 
these  three  events  were  consistent  in  that  they  show  a  very  small  pulse 
from  venting  gases. 

The  ground-shock-induced  pulse,  when  used  for  a  comparison  between 
HE  and  NE,  suggests  that  the  air  blast  from  a  1-kiloton  nuclear  explo¬ 
sion  is  comparable  to  that  from  an  HE  explosion  of  only  one  million 
pounds.  This  is  the  first  indication  that  the  relationship  between  HE 
and  NE  which  applies  to  above  ground  air  blast  may  extend  to  air  blast 
from  buried  explosions. 

A  direct  comparison  of  two  gages  at  about  the  same  actual  distance 
from  the  explosions  indicates  both  qualitative  and  quantitative  differ¬ 
ences  between  Palanquin  and  Cabriolet.  The  quantitative  differences  are 
mainly  due  to  differences  in  burial  depth  whereas  the  qualitative  dif¬ 
ferences  are  probably  due  to  the  atypical  venting  observable  on  the 
Palanquin  event . 
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Figure  A. 3 
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Figure  A. 8 
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